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Abstract 
Myelin allows for the rapid and precise timing of action potential propagation along neuronal 
circuits and is essential for healthy auditory system function. In this review we discuss what is 
currently known about myelin in the auditory system with a focus on the timing of myelination 
during auditory system development, the role of myelin in supporting peripheral and central 
auditory circuit function, and how various myelin pathologies compromise auditory information 
processing. Additionally, in keeping with the increasing recognition that myelin is dynamic and is 
influenced by experience throughout life, we review the growing evidence that auditory sensory 
deprivation alters myelin along specific segments of the brain’s auditory circuit.  
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Introduction 
The auditory system is responsible for processing a complex spectrum of acoustic 
information, such as sound pitch, intensity, and timing to create a faithful representation of the 
acoustic environment. Auditory processing involves a finely tuned interplay of events starting 
with the detection of sound by cochlear hair cells and ending at the cerebral cortex for higher 
order integration. A defining feature of the auditory system is its extraordinary temporal 
precision. For example, auditory circuits in the brainstem can detect microsecond-level 
differences in the arrival time of a sound between the two ears. Accordingly, the conduction 
speed along auditory circuits must be exquisitely well timed to ensure proper auditory function 
as even a slight loss of temporal precision can distort auditory perception. Myelin significantly 
increases conduction velocity along axons and is pivotal to the rapid and coordinated 
communication between neurons. Given the importance of timing in auditory circuitry, it is not 
surprising that myelin is vital to numerous auditory functions. Here, we provide a brief overview 
of the auditory system, highlighting key developments in the understanding of how myelin 
contributes to auditory function and how conditions that compromise myelin disrupt auditory 
processing.   
 
The Auditory Pathway 
The auditory pathway (Figs. 1A, B) begins at the cochlea, where inner ear hair cells 
transduce sound waves into electrochemical signals that drive neurotransmitter release onto 
spiral ganglion neurons (SGNs), the primary sensory neurons that form the cochlear nerve. 
Action potentials then propagate along the cochlear nerve axons, which synapse onto neurons 
of the cochlear nucleus (CN) in the auditory brainstem. Neurons in the anteroventral cochlear 
nucleus (AVCN) respond to sound timing and intensity and project bilaterally to a collection of 
nuclei in the pons known as the superior olivary complex (SOC). These circuits then project to 
the inferior colliculus (IC) in the midbrain, which is a key point of integration of sound localization 
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information. The IC in turn provides the main auditory input to the medial geniculate body 
(MGN) of the thalamus. The highest level of auditory processing begins at the auditory cortex, 
which receives input from the MGN and integrates auditory information with multiple association 
areas in the brain. 
 
Different myelin sources in the auditory pathway: peripheral vs central 
Different classes of glial cells produce myelin in the peripheral and central nervous 
systems, i.e. Schwann cells in the peripheral nervous system (PNS) and oligodendrocytes in the 
central nervous system (CNS). While the biophysical properties of myelin generated by each 
cell type are similar, these two cell types have different developmental origins (i.e. Schwann 
cells derive from the neural crest while oligodendrocytes derive from the subventricular zone); 
myelin produced by these cells differs in protein composition; their maturation is regulated by 
different mechanisms, and whereas each Schwann cell engages and myelinates only a single 
axon, an individual oligodendrocyte may myelinate as many as 60 axons (Nave and Werner, 
2014). 
The spiral ganglion contains two types of neurons. Type I cells are the most abundant 
(>90%), they innervate inner hair cells and have large diameter myelinated axons. Type II cells 
innervate outer hair cells and are unmyelinated. As type I SGN axons enter the CNS at the so-
called CNS-PNS transitional zone (Fraher, 1992) (Fig. 1), their myelination changes from 
Schwann cell to oligodendrocyte. Histological examination of the rat cochlear nerve showed that 
the myelin along the axon segment between the SGN cell body and the transitional zone is 
comprised of peripheral myelin proteins while myelin between the transitional zone and 
brainstem is exclusively of the central type (Toesca, 1996). In rodents, myelin markers appear 
on peripheral and central projections of the cochlear nerve simultaneously (Knipper et al., 
1998). Myelination of the CNS segment by oligodendrocytes is initiated in close proximity to the 
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CNS-PNS transitional zone between postnatal days 7 and P8 and then extends centrally toward 
the brainstem (Wang et al., 2013). 
 
The Timing of Auditory Pathway Myelination Parallels that of Auditory Function 
The timeline of auditory system myelination mirrors key milestones in auditory functional 
development. Specifically, myelination along the cochlear nerve and within the auditory 
brainstem occurs near the onset of hearing. Additionally, in humans, higher order auditory 
centers such as the auditory cortex and associated white matter tracts undergo a pattern of 
myelination that is contemporaneous with language acquisition, suggesting an important 
interaction between auditory experience, auditory circuit maturation and myelination. 
 
Peripheral Auditory Myelin Development 
Humans respond to auditory stimuli in utero starting at 24-25 weeks of gestation (Birnholz and 
Benacerraf, 1983), but Schwann cells begin myelinating SGN axons at around the 15th fetal 
week, starting first along the distal axon segment and then progressing proximally (Moore and 
Linthicum, 2001). The pattern of human SGN myelination also follows the cochlea’s tonotopic 
gradient wherein the SGN axons that project to the basal turn of the cochlea are myelinated 
before axons projecting to the apical turn (Sanchez del Rey and Sanchez Fernandez, 2006). In 
the mouse cochlea, myelination by Schwann cells starts near birth at the cell body of SGNs and 
progresses to the central and peripheral processes between postnatal days 8 and 10, just days 
prior to the onset of hearing (Wang et al., 2013). 
In humans, SGNs, like other bipolar sensory neurons, have myelinated axons but their cell 
bodies are covered by a thin rim of satellite cell cytoplasm (Liu et al., 2015; Tylstedt et al., 
1997). Remarkably, SGN cell bodies in several mammalian species are myelinated. For 
example, SGN cell bodies in rats are covered by a thin and morphologically heterogeneous 
myelin sheath (Rosenbluth, 1962) and SGN cell body myelination is observed around the time 
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of birth in the cat cochlea (Romand et al., 1980). The functional implications of cell body 
myelination and the mechanisms driving it remain unknown. 
 
Central Auditory Myelin Development 
In the human auditory brainstem, myelination coincides with hearing onset and occurs as 
early as the 26th fetal week (Moore et al., 1995). Myelin sheaths become visible by standard 
histological stains throughout the auditory brainstem and midbrain (CN, SOC and IC) beginning 
between fetal weeks 26 and 29 and increase in intensity up to 1 year of age (Moore et al., 
1995). In contrast, studies using MRI to visualize auditory system myelin detect signal intensity 
changes that appear approximately 11 weeks later than those observed histologically. These 
changes in myelin can be seen by the 37th fetal week in the CN and SOC and are slightly 
delayed further up the auditory pathway appearing in the IC near the 38th fetal week (Sano et 
al., 2007). The delayed onset of myelin change by MRI measurements indicates possible 
functional maturation of the auditory brainstem after initial myelination of the neurons.  
Relative to the auditory brainstem, myelination of structures higher in the auditory pathway 
occurs later and has a more protracted timeline. MRI detects changes in signal intensities 
indicative of increased myelination in the MGN beginning at 10 weeks of age while changes in 
subcortical white matter tracts associated with auditory processing such as the auditory 
radiations and the splenium of corpus callosum are detectable by week 24 (Sano et al., 2008). 
In the primary auditory cortex, myelin signal intensities change most rapidly up to about 1.5 
years of age and then progress at a slower rate into adulthood (Su et al., 2008). Myelin changes 
in the primary auditory cortex slightly precede myelination of cortical regions and association 
white matter tracts involved in language ability (i.e. Brocas, Wernickes, the angular gyrus and 
the arcuate fasciculus) (Su et al., 2008). This sequential pattern of white matter development 
observed in humans is consistent with myelin staining observed in other primates. For example, 
in the prosimian primate galago (Otolemur garnetti), the IC and MGN are partially myelinated at 
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birth and reach maturity by weaning age, but myelination in the auditory cortex is nearly absent 
at birth and does not reach adult-like levels until near puberty (Miller et al., 2013).  
Similar to humans, myelination of the murine central auditory pathway also coincides with 
the onset of hearing, which takes place between postnatal days 10 and 12 (Ehret, 1976). Within 
the mouse brainstem, Olig2 positive oligodendrocyte progenitors can be seen in auditory nuclei 
at birth (Dinh et al., 2014), but the onset of myelin gene expression does not begin until about 
the second postnatal week and becomes detectable throughout the brainstem and auditory 
cortex during this time period (Hackett et al., 2015; Kolson et al., 2016). As myelin gene 
expression increases, myelin thickness and conduction velocity also increase in parts of the 
auditory brainstem, reaching adult-like levels by P35 (Sinclair et al., 2017). The timeline for CNS 
myelin development in the mouse is comparable to what is observed in other rodents. For 
instance, in the rat and gerbil SOC, myelin gene expression and myelin protein 
immunoreactivity increase during the second to third postnatal week (Ehmann et al., 2013; 
Hafidi et al., 1996; Saliu et al., 2014).  
 
The Role of Myelin in Auditory System Function 
Myelin and Cochlear Nerve Function  
Cochlear nerve myelination is essential to peripheral auditory system function. In the 
postnatal mouse, SGNs must attain myelination before action potentials can be elicited (Anniko, 
1983). Studies with myelin-deficient animals highlight the importance of myelin in cochlear nerve 
structure and function. Rodents with peripheral dysmyelination caused by either direct ablation 
of Schwann cells with diphtheria toxin at birth (Zhou et al., 1995a; Zhou et al., 1995b) or due to 
mutations in the peripheral myelin protein 22 (Pmp22) gene (bt hamster) (Naito et al., 1999, 
2003) display remarkably similar auditory neuropathy; i.e. significant myelin and neuronal loss 
without affecting hair cell survival (Naito et al., 2003; Zhou et al., 1995b). The auditory 
neuropathy in these animals is reflected in elevated auditory brainstem response (ABR) 
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thresholds, reduced ABR amplitudes and prolonged ABR latencies (Naito et al., 1999; Zhou et 
al., 1995a) (Refer to Fig. 1C for a description of ABR waveforms). In addition, loss of the gap 
junction protein connexin 29 (Cx29) causes peripheral myelinopathy associated with a delay in 
the maturation of auditory thresholds and the prolongation of auditory latencies (Tang et al., 
2006). Congenic Ly5.1 mice, which carry a specific allelic variant of protein tyrosine 
phosphatase receptor type C (PTPRC), also display remarkable myelin pathology in the cochlea 
and abnormal ABR thresholds and latencies (Jyothi et al., 2010). While abnormal ABR 
thresholds in myelin-deficit animals reflect neuronal dysfunction, the prolongation of ABR 
latencies in these animals is consistent with a critical role of myelination in nerve conduction 
velocity. 
At the molecular and cellular level, myelination of SGNs is accompanied by clustering of 
voltage-gated sodium channels at the central and peripheral axonal initial segments and nodes 
of Ranvier flanking the bipolar SGN. These structures form voltage generators that respond to 
synaptic inputs from hair cells by generating and transmitting action potentials to the CN 
(Hossain et al., 2005). Recent studies indicate that the heminodes formed by the first Schwann 
cells close to the inner hair cells (IHCs) are the initial spike generators of SGNs (Kim and 
Rutherford, 2016; Rutherford et al., 2012; Wan and Corfas, 2017). The structural and molecular 
features of SGN heminodes mature after the onset of hearing in rats (Kim and Rutherford, 2016). 
Disruption of SGN heminodes significantly impairs the synchronized conduction of action 
potentials, as evidenced by reduced ABR wave 1 amplitudes and increased wave 1 latencies 
(Wan and Corfas, 2017). These studies indicate that myelination of peripheral axons of SGNs 
plays a critical role not only in action potential propagation but also in generation and integration 
of the initial sound-driven nerve spikes. 
 
Myelin and Sound Localization 
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The ability to localize sounds is important for tracking threats or prey, understanding speech 
in noisy settings, and analyzing complex acoustic scenes. To localize sounds along the 
horizontal plane, birds and mammals compare the arrival times and intensities of sounds 
reaching the two ears (see review by Grothe and Pecka, 2014). Conceptually, these 
computations are simple, but in practice, localizing sounds with binaural cues requires extreme 
precision. Because of the speed of sound, interaural time differences (ITDs) for humans 
maximally reach ~700 µs, and humans are able to discriminate sound sources with ITDs that 
differ by as little as 10 – 20 µs (Klumpp and Eady, 1956). Similarly, humans can discriminate 
interaural intensity differences (IIDs) that differ by as little as 1 dB (Mills, 1960). 
In mammals, the detection of ITDs and IIDs takes place in two specialized nuclei in the 
SOC: the medial superior olive (MSO) and the lateral superior olive (LSO). Neurons in these 
nuclei integrate synaptic input from pathways that originate at the two ears (Fig. 1B). To detect 
ITDs, MSO neurons compare the timing of excitatory synaptic input driven by spherical bushy 
cells (SBCs) in the ipsi- and contralateral cochlear nuclei (Cant and Casseday, 1986; Lindsey, 
1975; Stotler, 1953; Warr, 1966). MSO neurons fire when these binaural inputs arrive within a 
narrow time window (Goldberg and Brown, 1968; Yin and Chan, 1990). LSO neurons detect 
IIDs by integrating excitatory input from ipsilateral SBCs (Cant and Casseday, 1986) with 
contralaterally driven inhibitory input. Inhibitory input to the LSO is provided by neurons in the 
medial nucleus of the trapezoid body (MNTB), which in turn are driven by globular bushy cells 
(GBCs) in the contralateral cochlear nucleus (Harrison and Warr, 1962; Spangler et al., 1985). 
Because of this circuit arrangement, sounds arriving with greater intensity at one ear will tend to 
excite neurons in the ipsilateral LSO and inhibit neurons in the contralateral LSO (Tollin, 2003). 
Importantly, the MNTB also modulates activity levels in the MSO by providing a temporally 
precise, contralaterally driven inhibitory input to MSO neurons (Banks and Smith, 1992; 
Spangler et al., 1985). 
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The circuitry needed for sound localization presents distinct anatomical challenges as 
axons projecting to the ipsilateral and contralateral SOC must travel varying distances but 
provide synaptic output with near simultaneous timing. Recent studies suggest that distinct 
patterns of myelination allow for the fine tuning of conduction velocities along neuronal circuits 
and provide insights into the mechanisms underlying sound localization circuitry. In the gerbil 
ITD pathway, axons from SBCs projecting to the contralateral MSO have longer internodes and 
larger axon diameters than their ipsilateral projections, which is predicted to raise conduction 
velocity along contralateral projections to help overcome a greater relative travel distance (Seidl 
and Rubel, 2016).  
In both ITD and IID pathways, GBCs projecting to the contralateral MNTB are tonotopically 
arranged such that cells responding to high frequency sound target the medial MNTB; however, 
GBCs responsive to low frequency sound project to the lateral MNTB and therefore their axons 
must travel a greater relative distance (Guinan et al., 1972). In the gerbil, it was recently shown 
that the pattern of myelin along GBC axons is tuned to their site of termination such that axons 
responding to low frequency sounds have shorter internodes and larger diameter axons than 
their high frequency counterparts, the combination of which led to faster relative conduction 
velocity along low frequency axons (Ford et al., 2015).  
As mentioned above, AVCN SBCs send direct excitatory projections to the MSO and LSO 
whereas GBCs directly excite the MNTB, which in turn provides inhibitory input to MSO and 
LSO (see Fig. 1). Thus, the inhibitory pathway involves an extra synapse and neuron relative to 
the excitatory pathway. One of the mysteries in the auditory brainstem has been how the 
inhibitory pathway overcomes these additional steps to provide inhibition that arrives at the 
same time or slightly before excitation (Brand et al., 2002; Grothe and Sanes, 1993; Roberts et 
al., 2013). It was recently found that the axons of GBCs have longer internodes and greater 
axon diameters than SBCs, which was predicted to result in faster action potential velocity in 
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GBCs (Ford et al., 2015). This pattern of myelination may help the inhibitory pathway match the 
speed of the excitatory pathway despite the additional synaptic step.  
Other species also appear to rely on differential patterns of myelination to regulate 
conduction velocity and timing along sound localization circuitry. Studies in the chick ITD 
pathway found that both internode distance and axon diameter are significantly greater along 
contralateral axon projections relative to ipsilateral projections (Seidl et al., 2010) and these 
differences correlate with divergent conduction velocities (Seidl et al., 2014; Seidl et al., 2010). 
Interestingly, a recent comparative study found that the myelin adaptations identified in the 
gerbil sound localization circuit are absent in the mouse, which do not possess similar ITD 
requirements (Stange-Marten et al., 2017). Thus, specializations in myelin may represent a key 
mechanism used to calibrate temporal processing in sound localization pathways.  
 
Myelin Plasticity in the Central Auditory System 
Myelin has proven to be much more dynamic than previously imagined and appears to be 
influenced by multiple forms of experience. Myelin plasticity is clearly apparent in the context of 
experiential deprivation, which causes regional specific myelin deficits. For example, periods of 
social deprivation reduce both myelin thickness and the number of internodes generated by 
each oligodendrocyte in the medial prefrontal cortex (Liu et al., 2012; Makinodan et al., 2012). 
Experience also influences myelin along pathways involved in primary sensory information 
processing. In the visual system, monocular deprivation reduces internode length along the 
optic nerve (Etxeberria et al., 2016). In the somatosensory system, loss of tactile sensory input 
through whisker trimming reduces myelin levels (Barrera et al., 2013) and oligodendrocyte 
progenitor cell survival in the mouse barrel cortex (Hill et al., 2014).  
Myelin in the auditory pathway may be similarly affected by alterations in auditory sensory 
experience. Imaging studies of individuals with congenital deafness indicate that auditory 
deprivation is associated with myelin deficits in the auditory cortex and underlying white matter 
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tracts. MRI-volumetric measurements of the brains of congenitally deaf adults showed reduced 
white matter to grey matter ratios in Heschl's gyrus and superior temporal gyrus relative to 
normal hearing adults (Emmorey et al., 2003; Hribar et al., 2014) and these myelin deficits 
appeared as early as infancy (Smith et al., 2011). Diffusor tensor imaging (DTI) also detected 
changes in the microstructural properties in white matter with deaf subjects showing decreased 
fractional anisotropy in the Heschl's gyrus and the surrounding temporal lobe (Hribar et al., 
2014; Kim et al., 2009). Studies using mice suggested that age-related hearing loss may also 
affect auditory cortical myelin. Inbred C57BL/6 mice have a genetic predisposition to age 
associated deafness due to mutations in the cadherin 23 gene (Kane et al., 2012) and show 
aberrant myelin ultrastructure in the primary auditory cortex but not in the primary visual cortex 
(Tremblay et al., 2012).  
There is also evidence that hearing impairment jeopardizes myelin develoment and 
maintenance along auditory brainstem circuitry.  It was recently shown that elevating auditory 
thresholds via earplugging in mice during the time of hearing onset reduces myelin thickness 
along axons projecting to the MNTB (Sinclair et al., 2017). Moveover, earplugging reduces 
myelin thickness even in adult mice, suggesting that auditory experience is needed to sustain 
myelin along auditory brainstem circuitry throughout life and that the myelin along these circuits 
might be compromised by even partial hearing loss (Sinclair et al., 2017). 
Auditory enrichment may also promote myelination in the brain. Several DTI studies 
detected increased white matter connectivity in the corpus callosum in individuals with extensive 
musical training during childhood. These increases correlated with training duration and the age 
at which training began (Bengtsson et al., 2005; Steele et al., 2013). Additionally, an age-related 
decline in myelin gene expression in the primary auditory cortex is partially reversed by auditory 
training via operant conditioning in aged rats and is associated with improved cortical circuit 
temporal processing (de Villers-Sidani et al., 2010). Thus, while insufficient auditory experience 
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may diminish levels of myelin, certain forms of auditory exposure may promote and/or maintain 
myelin in the developing and aging brain.  
How might auditory experience influence myelin in the auditory system? Neuronal activity 
has been shown to promote both oligodendrocyte progenitors cell proliferation and myelin 
formational along axons (Barres and Raff, 1993; Demerens et al., 1996; Gibson et al., 2014; 
Lee et al., 2016; Mensch et al., 2015; Wake et al., 2011). Activity may regulate myelin formation 
by inducing the release of various neuronally-derived factors that act on oligodendrocytes to 
promote myelin development. For example, glutamate released by neurons during heightened 
activity activates glutamate receptors on oligodendrocyte lineage cells to promote myelin protein 
synthesis (Wake et al., 2011). Activity may also raise levels of neuronally-derived ATP, which 
indirectly promotes myelination by inducing release of cytokine leukemia inhibitory factor (LIF) 
from astrocytes (Ishibashi et al., 2006). Neurons also express neurotrophic factors that promote 
myelination, such as neuregulin-1 (NRG1) and brain-derived neurotrophic factor (BDNF), 
(Taveggia et al., 2008; Xiao et al., 2010), and the effects of social deprivation on medial 
prefrontal cortex myelin appear to be mediated by a reduction in NRG1 expression (Makinodan 
et al., 2012). It is possible that elevated levels and/or patterns of neuronal activity during 
auditory experience promote oligodendrocyte differentiation and myelination. Consequently, 
altered or reduced neural activity during auditory deprivation may inadequately stimulate 
myelination along auditory circuitry.  
 
Myelin Pathology in the Peripheral Auditory System 
Given the essential role hair cells play in sound detection and their fragility relative to other 
cochlear cell types, our understanding of peripheral auditory system pathologies has primarily 
been driven by research into conditions that compromise cochlear hair cell function. 
Nonetheless, there is emerging evidence that the myelin along the cochlear nerve may also be 
damaged by both genetic mutations and environmental insults and that altered peripheral 
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myelin impairs auditory function. Here we provide a summary of pathologies that affect myelin in 
the peripheral auditory system.  
 
Peripheral Neuropathy  
Myelin pathology is a common cause of peripheral auditory neuropathy in humans, which is 
defined as a peripheral hearing deficit that occurs in the presence of healthy cochlear hair cells. 
A dominant missense mutation in the peripheral myelin protein 22 (PMP22) gene was found to 
cause Charcot-Marie-Tooth disease with deafness (Kovach et al., 1999). Interestingly, the most 
prominent change in ABR recordings of these patients is the prolongation of ABR wave 
latencies, consistent with the role of PMP22 in Schwann cell SGN myelination. Another myelin 
gene, myelin protein zero (MPZ), was found to be mutated in a family with hereditary sensory 
motor neuropathy and deafness (Starr et al., 2003). Patients in this pedigree developed auditory 
neuropathy with reduced neural inputs, and post mortem analysis of one case showed a 
significant loss of SGNs and distal SGN fibers with the remaining fibers displaying apparent 
demyelination (Starr et al., 2003).  
Myelin deficits may also underlie some forms of acquired hearing loss. Guillain-Barre 
syndrome (GBS) is a peripheral neuropathy caused by Schwann cell damage, possibly through 
an autoimmune mechanism. Although the incidence is relatively low, a portion of GBS patients 
show abnormal ABRs (Nelson et al., 1988; Ropper and Chiappa, 1986; Schiff et al., 1985; 
Takazawa et al., 2012; Ueda and Kuroiwa, 2008). Intriguingly, although hearing thresholds 
gradually recover in some patients, their ABR waveforms show persistent increases in interpeak 
latencies (Takazawa et al., 2012), suggestive of permanent myelin deficits in these patients. Our 
recent study using mouse models showed that when Schwann cells are lost, they regenerate 
and remyelinate SGNs, but heminodes remain disrupted and ABR latencies prolonged (Wan 
and Corfas, 2017). Thus, heminodal disruption may be the underlying cause of the auditory 
neuropathy observed in some GBS patients. In addition, animal studies showed that cochlear 
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nerve demyelination and auditory neuropathy is also observed in hearing loss caused by lack of 
iron (Lee et al., 2012) or hyperbilirubinemia (Ye et al., 2012). 
 
Acoustic Trauma 
Acoustic trauma is primarily associated with cochlear hair cell loss, however, the myelin 
along the cochlear nerve also shows significant damage after prolonged noise exposure in 
humans (Rask-Andersen et al., 2000). Studies in animal models illustrate the susceptibility of 
cochlear myelin to damage by acoustic trauma. After prolonged noise exposure (100 dB SPL 
white noise at 12 hr/day for 30 days), myelin sheaths can detach from the type I SGNs, which 
account for approximately 95% of SGNs, and Schwann cells begin to develop intensely 
osmiophilic myelin bodies (Rossi et al., 1976). Intense noise (110 dB SPL 14.8 kHz single tone 
noise at 3 hr/day for 3 days) is sufficient to cause perinodal dysmyelination in the cochlea 
(Tagoe et al., 2014). Considering the rapid onset of noise-induced myelin damage, it is possible 
that the myelin sheath may be a primary target of noise overexposure. 
 
Ototoxins 
Ototoxic drugs, such as chemotherapeutic agents, result in sensorineural hearing loss by 
targeting the sensory hair cells. However, emerging evidence indicates that other cochlear cells 
(e.g. supporting cells) and structures (e.g. synapses and myelin sheath) may also be affected by 
these compounds. Platinum-based chemotherapeutic agents, including cisplatin and 
carboplatin, induce hearing loss and are linked to Schwann cell toxicity in other peripheral 
nerves (Carozzi et al., 2015). Within a week after cisplatin treatment in guinea pigs, SGN 
perikarya begin to shrink and myelin sheaths begin to swell causing myelin detachment (van 
Ruijven et al., 2004). Myelinopathy is also one of the primary features of carboplatin ototoxicity 
and is characterized by myelin loss within 1 day after carboplatin treatment in chinchillas (Ding 
et al., 2002).  
Page 15 of 29
John Wiley & Sons, Inc.
Developmental Neurobiology
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rt
ic
le
 16 
 
Aging 
Myelin pathology in the cochlea is one of the hallmarks of age-related hearing loss. In 
guinea pigs, the number of degenerating myelin sheaths of the cochlear nerve significantly 
increases at 6 months and peaks at 26.5 months (Hoeffding and Feldman, 1988). In mice, the 
myelin sheaths of the cochlear nerve loosen and unravel with age, which leads to demyelination 
of the perikarya and eventual loss of SGNs (Cohen et al., 1990). Similarly, a significant 
reduction in myelin basic protein (MBP) expression and loss of MBP+ cochlear nerve fibers are 
observed in older human cochleae (>60 years of age) (Xing et al., 2012). 
 
Myelin Pathology in the Central Auditory System 
As myelin regulates action potential conduction velocity and therefore the timing and 
connectivity of neuronal circuity, it is not surprising that neurological disorders associated with 
abnormal CNS myelin also exhibit impaired auditory system function. These conditions offer 
insight into the role of myelin in facilitating auditory information processing and illuminate the 
deleterious effects the loss of myelin may have on healthy auditory function.  
 
Demyelinating Disease 
Multiple sclerosis (MS) is a chronic autoimmune disease characterized by the focal 
destruction of myelin that can affect any region of the CNS including those responsible for 
hearing and auditory information processing. Acute demyelinating lesions can significantly slow 
conduction velocity in the affected area resulting in a host of cognitive and sensory defects. 
Comprehensive studies indicate that MS does not lead to chronically elevated hearing 
thresholds (Doty et al., 2012). Although sudden sensorineural hearing loss in cases of episodic 
demyelination is observed in a minority of MS patients, such hearing loss largely undergoes 
complete remission (Hellmann et al., 2011). These reports indicate that central auditory 
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demyelination does not have significant impact on the sound detection and reception. However, 
relatively subtle deficits in temporal processing of auditory information appear to be associated 
with MS. Specifically, some MS patients exhibit increased ABR I-V peak latencies and 
diminished peak V amplitude (Chiappa et al., 1980). These ABR changes suggest compromised 
myelin along the auditory circuitry in the brainstem. MS patients can also display deficits in 
processing binaural stimuli and impaired detection of ITD and IIDs (Furst and Levine, 2015), 
which may reflect impaired conduction velocity along sound localization pathways.  
 
Auditory Processing Disorders 
Developmental abnormalities in CNS myelin also impair auditory function. Auditory 
processing disorder (APD) is a heterogeneous developmental disorder characterized by 
listening difficulties including deficits in attention, language comprehension and speech 
discrimination. A defining characteristic of APD is that symptoms appear to be due to defects in 
the central auditory system since patients exhibit normal cochlear and hearing thresholds. While 
most APD cases do not have a clear underlying cause, decreased temporal precision in action 
potential firing has been proposed as a candidate mechanism that could jeopardize the fidelity 
of auditory signal timing (Kopp-Scheinpflug and Tempel, 2015). In line with this hypothesis, APD 
patients display myelin abnormalities in multiple brain regions associated with auditory 
processing. DTI studies of children diagnosed with APD detected increased mean diffusion in 
the auditory radiations (Farah et al., 2014), and reduced myelin in these regions could disrupt 
thalamo-cortical communication. The same study also found decreased anisotropy in the 
prefrontal cortex and anterior cingulate (Farah et al., 2014), which are areas of the brain closely 
tied to attention and top-down information processing and which may underlie difficulties in 
attending to auditory stimuli in APD.  
 Abnormalities in CNS myelin might also contribute to the auditory dysfunction observed 
in other neurodevelopmental disorders. For example, hypersensitivity to sound and distorted 
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auditory perception are well documented in individuals with autism spectrum disorder (ASD) 
(Gomes et al., 2008; O'Connor, 2012). ASD patients have also been found to exhibit both 
reduced temporal processing of auditory stimuli (Foss-Feig et al., 2017) and decreased white 
matter connectivity in multiple brain areas including the temporal lobes (Travers et al., 2012). 
Thus, the possibility that impairments in CNS myelin contribute to auditory processing deficits in 
ASD should be further explored.  
 
Psychiatric Disorders  
Abnormalities in CNS myelin are found in multiple psychiatric disorders including 
schizophrenia, bipolar disorder, and chronic depression (Fields, 2008), and these conditions are 
linked to deficits in auditory sensory processing (Kahkonen et al., 2007; McLachlan et al., 2013; 
Zenisek et al., 2015). One link between abnormal myelin and auditory dysfunction in mental 
illness is the pathophysiology of auditory verbal hallucinations (AVH), which is a common 
symptom of psychiatric illness. DTI studies of schizophrenia patients with AVH have found 
changes in connectivity along auditory fiber bundles and shown that these changes vary with 
the duration of AVH history (Hubl et al., 2004; Knochel et al., 2012; Mulert et al., 2012; Wigand 
et al., 2015). However, some of these studies found increases in the fractional anisotropy of 
auditory fiber bundles, while others found decreases. Thus, the precise nature of these myelin 
changes and how they might contribute to AVH are not understood 
 
Future Directions 
The temporally precise nature of the auditory system makes it uniquely suited to investigate 
the role of myelin in neural circuit behavior. The importance of myelin in audition is underscored 
by the fact that auditory circuit myelination coincides with the functional development of the 
auditory system and by findings that even subtle perturbations in myelin due to disease and 
developmental disorders can jeopardize hearing and auditory information processing. Despite 
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this recognition, we are only beginning to appreciate how myelin contributes to auditory function 
and numerous questions are still waiting to be addressed. For instance, what mechanisms 
underlie deficits in myelin in hearing impaired individuals? Are the complex patterns of myelin in 
brainstem sound localization circuitry also influenced by experience? Moreover, beyond 
changes in conduction velocity, how might alterations in myelin affect other aspects of auditory 
information processing? Myelin deficits have been shown to alter neurotransmission in other 
areas of the brain (Roy et al., 2007). Do changes in myelin similarly alter neurotransmission 
within auditory circuitry?  Overcoming these gaps in knowledge has the potential to significantly 
enhance our ability to treat both auditory disorders and myelin pathologies that impair auditory 
function.  
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Figure 1. The Auditory Pathway 
A) Schematic representation of peripheral SGN myelination. In the auditory periphery, cochlear 
hair cells activate SGNs that project to the CN in the auditory brainstem. Oligodendrocyte 
myelination of SGN axons begins at the CNS-PNS transitional zone (arrow). B) Schematic 
representation of the central auditory pathway highlighting ITD and IID circuitry at the level of 
the pons. AVCN SBCs (blue) extend excitatory projections to the LSO and MSO in the SOC. 
AVCN GBCs (green) extend excitatory projections to the MNTB, which then send inhibitory 
projections (red) to the LSO and MSO. Auditory information then passes through several 
subsequent nuclei including the IC before reaching the MGN and projecting to the auditory 
cortex. C) Auditory system function can be measured using Auditory Brainstem Responses 
(ABR), a.k.a. Brainstem Auditory Evoked Responses (BAER). This method uses electrodes to 
detect evoked electrical potentials at various stages along the early auditory pathway, from the 
cochlea through the midbrain.  The summating potential (SP) reflects activation of inner hair 
cells, peak I corresponds to evoked potentials in SGNs while ABR peaks III and IV correspond 
to the CN and IC, respectively. Fig.1B is adapted from (Cope et al., 2015). Fig. 1C is adapted 
from (Liberman et al., 2016). 
AVCN: anteroventral cochlear nucleus; LSO: lateral superior olive; MSO: medial superior olive; 
GBC: globular bushy cell; SBC: spherical bushy cell; SOC: superior olivary complex; MNTB: 
medial nucleus of the trapezoid body; MGN: medial geniculate nucleus; SGNs: spiral ganglion 
neurons.  
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Figure 1. The Auditory Pathway  
A) Schematic representation of peripheral SGN myelination. In the auditory periphery, cochlear hair cells 
activate SGNs that project to the CN in the auditory brainstem. Oligodendrocyte myelination of SGN axons 
begins at the CNS-PNS transitional zone (arrow). B) Schematic representation of the central auditory 
pathway highlighting ITD and IID circuitry at the level of the pons. AVCN SBCs (blue) extend excitatory 
projections to the LSO and MSO in the SOC. AVCN GBCs (green) extend excitatory projections to the MNTB, 
which then send inhibitory projections (red) to the LSO and MSO. Auditory information then passes through 
several subsequent nuclei including the IC before reaching the MGN and projecting to the auditory cortex. C) 
Auditory system function can be measured using Auditory Brainstem Responses (ABR), a.k.a. Brainstem 
Auditory Evoked Responses (BAER). This method uses electrodes to detect evoked electrical potentials at 
various stages along the early auditory pathway, from the cochlea through the midbrain.  The summating 
potential (SP) reflects activation of inner hair cells, peak I corresponds to evoked potentials in SGNs while 
ABR peaks III and IV correspond to the CN and IC, respectively. Fig.1B is adapted from (Cope et al., 2015). 
Fig. 1C is adapted from (Liberman et al., 2016).  
AVCN: anteroventral cochlear nucleus; LSO: lateral superior olive; MSO: medial superior olive; GBC: 
globular bushy cell; SBC: spherical bushy cell; SOC: superior olivary complex; MNTB: medial nucleus of the 
trapezoid body; MGN: medial geniculate nucleus; SGNs: spiral ganglion neurons.  
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